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MECHANISM OF THE ODONTOPHORAL APPARATUS 
IN SYCOTYPUS CANALICULATUS 

J. C. HERRICK 

Introduction 

This paper gives the results of some four or five weeks spent in 
dissecting and experimenting on the odontophoral apparatus in 
the large familiar whelk or winkle, Sycotypus canaliculatus (Linn.). 1 
The work was clone at the Marine Laboratory at Wood's Hole, 
Mass., during the summer of 1905. I desire to express here my 
thanks to the direction of the laboratory for the material furnished 
and privileges extended, especially to Dr. G. A. Drew to whom I 
am indebted for advice and encouragement. 

The object of the paper is to show the modus operandi of the 
whole odontophoral mechanism as found in the form selected, and 
also, incidentally to describe the nervous supply of the muscles 
that control the mechanism. To this end the anatomy of the parts 
has to be described in some detail, but it is hoped that the figures 
which accompany the text may serve to give some substance to 
the descriptions. 

Sycotypus because of its large size offers excellent material for 
such a study. The whole apparatus can be studied with the 
naked eye, no dissecting lens being necessary except for examin- 
ing the teeth. Besides, since this animal is a great pest to the 
oysterman and clam digger on account of its depredations upon 
the beds, it is of some interest — aside from the purely scientific — 
to know more intimately how this gastropod accomplishes its 
destructive work of boring through the shells of oysters and clams, 
and rasping out their soft contents by means of its file-like 
"tongue." 

1 Synonymy (Verrill) : Murex, Pyrula, Busycon, Fulgur. 
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Method 

The method followed was that of gross dissection, combined 
with that of stimulation by the induced electric current, of the 
muscles and nerves concerned. The animals were freed from 
their shells by means of a hatchet, chipping away the shell along 
the line of the canal, and finally twisting the animal out; and then 
left for twelve hours or more in a mixture of waste alcohol and 
turpentine. This treatment ' causes the animal to put forth its 
proboscis usually in full extension, and does not really kill it, 
though, of course, causing deep narcosis. In this condition the 
various muscles (or nerves) can be dissected out, stimulated, and 
their action studied. 

Historical 

Huxley, in 1853, was the first to study the mechanism of the 
buccal or odontophoral apparatus in a number of forms. He 
observed it in action in the transparent heteropod, Firoloides, 
and from what he saw was led to believe that Cuvier had failed to 
grasp the mode of operation of the same apparatus which he had 
described in Buccinum. Cuvier, to quote Huxley, "considered 
the tongue-plate [radula] to be passive, and that its movements 
depended upon the protraction, retraction, divergence, or approx- 
imation of the cartilages." According to Huxley, Middendorf 
also, in his elaborate monograph upon Chiton, in which he gives 
a very careful and detailed description of the buccal apparatus, 
"fails in rendering its action clear." The radula "acts as a sort 
of elastic file pushed from behind [!] by a special muscle, the 
'curvator radulse,' and supported and steadied by the 'folliculi 
motores' [buccal cartilages]." 

It will be well to quote in full Huxley's own explanation of the 
mode of operation of the apparatus, as I deem it the correct one, 
"though, as we shall see, denied subsequently by his pupil, Professor 
Geddes and others: "I have already described the manner in which 
the apparatus may be seen working in Firoloides and Atlanta and 
I propose now to demonstrate that from the anatomical arrange- 

1 Due to Mr. G. M. Gray, Curator, I believe. 



No. 478] ODONTOPHORAL APPARATUS IN SYCOTYPUS 709 

ments the 'tongue' has the same chainsaw-like mode of operation 
throughout the Cephalopoda and Gasteropoda. Perhaps Patella 
may be taken as the most convenient illustration, since the organ 
is here very large [however, not nearly so large as in Sycotypus], 
and its parts are distinct and well developed." After describing 
the apparatus in Patella, he says: "It is clear that the action of the 
intrinsic muscular bands (having the insertions described) must 
be to cause the elastic plate [radular membrane], and with it the 
' dentigerous plate ' [radula], to traverse over the ends of the carti- 
lages, just like a band over its pulley, the cartilages themselves 
being entirely passive in the matter. The extrinsic bands, again, 
must serve to protract the whole mass and thrust it more or less 
firmly against the object to be acted upon. 

"I have examined Buccinum, Fisurella, Doris, Aplysia, Bullrea, 
Helix, Onchidium, Cyprcea, Pteroceras, Sigaretus and Vermetus, 
and in all I have found a structure essentially similar to that here 
described .... 

"This pulley-like structure of the tongue appears to me to be 
very characteristic of the portion of the molluscous type here 
considered [cephalous], and indeed to be peculiar to it" (Huxley, 
'53, p. 58, ff.). 

Lacaze-Duthiers ('56) in his study on Dentalium describes the 
odontophoral apparatus fully and takes up the question of its 
mechanism. He concludes ('56, p. 258) that "the cartilage 
executes movements and communicates them secondarily to the 
dental apparatus." 

In 1879, Geddes, at the suggestion of Huxley, took up the study 
of the odontophoral apparatus again, but arrived at just the oppo- 
site conclusion to that of the latter. He says in regard to Patella 
that "a slight sliding of the radula over the apex of the cartilages" 
may take place; but for Buccinum: "Little of that sliding move- 
ment over the apex of the cartilages which we saw in Patella can 
here take place, owing partly to the weakness and curvature in 
two planes of the cartilages, partly to the sharpness of their apex, 
eminently unfitting it for a pulley-block, partly to the slight fixed 
flexure of the radula, and its wants of pliability, and largely also 
to the attachment of the infraradular membrane to the sides of the 
mouth all round, which thus fixes the radula very steadily over 
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the cartilages. Some little yielding may take place; but it must 
be evident, from the above considerations, that the movements of 
the radula are similar to, and dependent upon, that licking action 
impressed upon the buccal cartilages in the way we have seen .... 

"Thus the explanation here put forward has something more in 
common with that of Cuvier .... than with the later theory proposed 
by Professor Huxley .... 

"In the transparent bodies of some Heteropoda, Prof. Huxley 
describes a chain-saw movement; so, if the framework remains 
quite stationary, I can only suggest that the sliding of the radula, 
over its support, which we saw as a secondary factor in the Limpet, 
though impossible in the Cuttlefish and highly improbable in the 
Whelk, may in these animals have acquired greater importance." 

Tryon ('81) in his Manual of Conchology (continued by Pilsbry) 
gives nothing as to the mechanism of the odontophoral apparatus. 

Wegmann ('84) describes the odontophoral apparatus in Haliotis 
and as regards the mechanism says ('84, p. 304) : — 

"No muscle is inserted upon the radula properly speaking; 
this organ is borne by the elastic membrane [radular membrane], 
with which it forms one body in its movements. The latter slides 
over the cartilages, drawn as it is by two pairs of protractor muscles- 
and by numerous retractor bundles. Besides, the cartilages can 
be brought together or separated, increase and diminish the space 
between them. The elastic membrane is deeply influenced by 
these displacements and its own movements are thus complicated." 

Boutan ('86) in his paper on Fissurella gives a brief description 
of the muscles of the odontophoral apparatus, but does not dwell 
upon the mechanism except to emphasize the importance of the 
blood sinuses in the proboscis. These during protrusion of the 
proboscis become filled with blood and produce turgidity of the 
organ, in fact, the protrusion is in part due to this turgid condition 
of the proboscis. 

Bouvier ('87), while he gives a minute description of the nervous 
system of Buccinum and of many other Prosobranchs in his 
elaborate paper, does not describe the odontophoral apparatus at 
all fully. 

Gibson ('87) describes the odontophoral apparatus of Patella* 
but has nothing to say upon the subject of its mechanism. 
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Loisel ('92) describes the apparatus as found in Helix, and gives 
a rather confused account of its action. 

Oswald, in 1893, published quite a detailed account of the 
" Riisselapparat " of the Prosobranchs, dealing especially with the 
apparatus as found in Buccinum undatum. He describes at length 
the muscles that control the movement of the radula, as well as 
those concerned with the protrusion and withdrawal of the pro- 
boscis, and his descriptions are accompanied by a number of 
text-figures, schemata, and two plates. He also considers the 
mechanism of these parts. His observations for Buccinum 
closely parallel my own for Sycotypus, with some exceptions, 
and I find he suggested in a number of cases the very nomencla- 
ture I had adopted on my own account; for all my own obser- 
vations had been made before the literature of the subject became 
accessible to me. 

In regard to the rasping action of the radula, whether it is accom- 
plished by the licking action of the cartilage or by active to and fro 
motion over the odontophoral cartilage, Oswald has the following 
to say ('93, pp. 146-147): "The motion of the radula is brought 
about by the contraction of its own muscles and at the same time 
by the movement of the cartilage. By the contraction of the 
approximators of the cartilage [rami] the anterior portions of the 
cartilages are brought nearer together, the radula is raised up, 
lying as it does over them, and, at the same time, pushed some- 
what forward; the dorsal retractors relax, the ventral ones con- 
tract and the radula slides, as Huxley suggests, like a band over 
a pulley. The contraction of the approximators of the cartilage 
having ceased, the anterior ends of the cartilage by virtue of their 
elasticity separate, and at the same time the dorsal retractors pull 
the radula back. The sliding of the radula over the tongue 
cartilage in the manner of a band over a pulley is, it is true, very 
limited (sehr beschrankt), since the radula is fastened on both 
sides by its sheath to the mouth cavity; that, however, such a 
sliding motion does take place, has been made clear by my prepa- 
rations, in which the radula was fixed in different stages of its 
excursion." 

In the main Oswald's account of Buccinum accords with what 
I have observed for Sycotypus, but in Sycotypus, at least, the 
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motion of the radula over the cartilage as a band over a pulley is 
in no way "sehr beschrankt," for two to three centimeters of the 
length of the ribbon play back and forth over the head of the 
cartilage. One can easily convince oneself of the large excursions 
of the radula by placing one's finger tip in the mouth of an animal 
that has been placed in the alcohol-turpentine mixture, and that 
is consequently in no pleasant mood. 

While Oswald states he made some observations on the living 
animal, he makes no reference to any detailed artificial stimulation 
of the muscles or nerves, and his conclusions as to the mechanism 
are, it seems, drawn to a considerable degree from the anatomy 
of the parts. 

Plate ('93) gives a brief description of the odontophoral appara- 
tus of Oncidium verruculatum, but does not dwell upon the mech- 
anism, though since he speaks of retractors and protractors of 
the radula, he probably accepts a sliding action of that organ. 

Amaudrut ('98) in a lengthy paper upon the anterior part of the 
alimentary canal in gastropods makes a comparative study of the 
odontophoral apparatus as found in this group of molluscs. He, 
however, does not describe that of Sycotypus. On page 145 of 
his article he begins a historical review of the question of the mech- 
anism of "le bulbe," and the radula, which continues for some 
thirty pages. I refer anyone to them for a complete statement 
of the views put forth by various observers. 

He himself absolutely rejects Huxley's view of the sliding action 
of the radula. He says ('98, pp. 137, ff., 147): "Every theory 
aiming at explaining the mechanism of the radula must take into 
account the facts which precede [certain anatomical relations, p. 
84] and the remarks which follow: 

"The radula being flexible and having to function as a rasp 
must when in use always have a certain degree of tension. Now 
the rasp being united to the elastic membrane [radular membrane] 
its movements become subordinated to those of this membrane, 
and since the muscles and cartilages are connected only with the 
membrane and not with the rasp it is through the tension of the 
membrane that the tension of the rasp is secured. But this ten- 
sion can be produced upon the whole membrane only by the 
simultaneous contraction of the muscles that act upon it, for 
every movement of traction exerted upon one point only would 
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entail a sliding of the membrane — a thing which anatomical 
examination has shown us as being impossible (Fig. 45, PI. V) 
[the figure is for Helix pomatia, but his assertion is a general one, 
see p. 147, and refers to Prosobranchs too], and which direct obser- 
vation has never established [?]. Further, a traction produced 
upon one point only of the membrane would occasion in it not 
only a sliding motion but also the production of folds in it, and 
then, whether the flexible radula should follow the contours of the 
folded surface or whether it should pass beyond, in either case it 
would be in an unfit state for playing its role of rasp." 

It is clear therefore that Amaudrut regards as tensors what other 
observers and I have considered as protractors and retractors of 
the radula. So far as Sycotypus is concerned he is in error, for 
by direct observation one can easily convince oneself of the sliding* 
motion of the radula in this large gastropod. 

His explanation is as follows: "The important differences in 
the general mechanism which exist between the Pulmoturta and 
the Rachiglossa, are that, with the latter when the flexors [pro- 
tractors] of the cartilages contract, the summit of the tongue is 
not only drawn forward, but the lateral teeth separate, and when 
the tensors [of the radular membrane] contract in their turn, the 
teeth execute the reverse movement, seize the prey and carry it to 
the entrance of the oesophagus." 

Direct observation of the action of the radula seems to have 
been confined, on Amaudrut's part, exclusively to Helix. His 
explanation of the mechanism for this form is doubtless correct, 
but he has certainly gone too far when he makes the general asser- 
tion that a sliding motion of the radula is impossible. On the 
contrary it has been observed by Huxley and a number of other 
observers, as we have seen above. 

Simroth (: 01) follows Amaudrut in his description of the mech- 
anism of the odontophoral apparatus among the Prosobranchs. 
Under the heading, "Der Fressact" he says (:01, pp. 490-491): 
"The act of eating is accomplished in general in this way: — The 
bulb executes regular piston-strokes from behind forward and the 
tip of the tongue simultaneous twisting movements downwards. 
and backwards extending to the entrance of the esophagus. In 
the forward position the teeth of the tip of the tongue grasp the 
mouthful from beneath, then it is drawn in, cut off by pressure 
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against the immovable jaw where such an organ occurs, and, 
without lingering at all in the bulb, pushed into the esophagus. 
The radula suffers thereby no shifting of any sort (keinerlei Ver- 
schiebung) upon its support." 

Pelseneer ( : 06, p. 7) in his volume on the Mollusca in Lankester's 
Treatise, speaking of the odontophoral apparatus, has the following 
remarks : " Applied to these cartilaginous pieces the radula, by the 
action of special muscles, executes backward and forward rasping 
movements." 

Again (:06, p. 89): "The radular ribbon is supported by a 
system of paired cartilaginous pieces furnished with protractor 
and retractor muscles the action of which causes the radula to 
move to and fro and work like a rasp on the prey seized by the 
animal." 

From this review it is evident that the mechanism of the radula 
is conceived of in two very different ways by most of the observers 
that have up to the present worked upon it: — 

(1) The radula remains at rest relatively to its support (the 
cartilage) and its rasping action is due to movements of its support. 

(2) The radula moves relatively to its support, plays back and 
forth over its support like a band over a pulley, and its rasping 
action is due to its own proper motion. 

I hope to show conclusively in what follows that the action of the 
radula in Sycotypus is of the band-over-pulley type. I do not 
desire to generalize from observations upon one form, and that an 
isolated one, Sycotypus being found only "along the Atlantic 
coast of North America from the south shore of Cape Cod, to the 
Gulf of Mexico" (Grabau, this journal, vol. 37, pp. 515-539). 
However, from a study of the figures given by Geddes and others 
for Buccinum, I cannot help thinking that a renewed study of this 
animal under experimental conditions will reveal the fact that the 
play of the radular ribbon is not altogether "very limited," as 
Oswald concedes. 
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Description of Odontophoral Apparatus 



Since this apparatus is found in the proboscis of the animal, 
it will be well to commence with this organ. As I intend to give the 

nervous supply of the muscles de- 
scribed, it is advisable to take up 
the nervous ganglia after the pro- 
boscis. Following the brief des- 
cription of the ganglia, will be taken 
up in order: the esophagus and 
buccal mass; the buccal cartilage, 
its retractor and protractor muscles; 
the radula, its retractors and pro- 
tractors; and finally the musculature 
of the proboscis, and the mechanism 
of its protraction and retraction. 

Proboscis. — Many of the Proso- 
branchs possess a long proboscis, 
sometimes longer than the rest of 
the animal. In Sycotypus this organ 
is well developed, the fully extended 
proboscis being in a fair-sized speci- 
men three or four inches long. The 
proboscis when protruded emerges 
from the head fold (Fig. 1, hf.) which 
surrounds its base like a collar, there being a deep groove between 
the two, formed by the invagination of the integument. The 
anterior half of the organ is almost circular in section, and hard to 
the touch, while the posterior half is more flattened and flabby. 
At the end of the proboscis is located the triangular mouth — 
bounded by thick and hard lips — the base of the triangle being 
ventral. When retracted the proboscis is completely hidden from 
view; it lies entirely within the head fold, which is drawn together 
so as to hide the opening through which the proboscis is put forth. 
The proboscis has a tough muscular wall, invested by integu- 
ment which is closely adherent to the underlying muscular layers. 
At the base of the proboscis is a cup of white muscular fibers 




Fig. 1 . — Sycotypus canaliadatus. 
Ventral view of the fully extended 
proboscis, hf., head fold; mo., 
mouth; pb., proboscis; t., tentacle. 
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through which the esophagus passes and into which some of the 
retractors of the proboscis (to be dealt with later) are inserted (Fig. 
2, rpb.). 

The proboscis is a hollow tube containing within it the esophagus, 
and the large cylindrical mass, called the biwcal mass. 

Nervous Ganglia. — The ganglia lie below the base of the pro- 
boscis (in its protruded state) in the deep part of the head fold 




Fig. 2. — Sycotypus canaliculatus. Dissection from the dorsal aspect. Head fold 
laid open dorsally and ventrally ; foot split open ; proboscis hangs down over 
the foot, col., collar; f., foot, split open; hf., head fold; pb., proboscis; rpb., 
retractors of proboscis; s., siphon; t., tentacle; vm., visceral mass; x, posi- 
tion of ring muscle. 



and surround the esophagus (Fig. 3, ng.). The ganglia comprise r 
the buccal, two small spherical ganglia closely adherent to the 
ventral surface of the esophagus and united by a cdmmissure; 
the two cerebral ganglia; the pleural ganglia; the crossed visceral 
pair; and the large pedal ganglia. Their relations are presented 
in the accompanying diagrammatic figure (Fig. 4). 
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Nerves arise from these ganglia and are distributed to various 
parts of the body; but those that will be especially dealt with here 
are the ones that arise from the buccal and the cerebral ganglia. 




Fig. 3. — Sycotypus canaliculatus. Dissection from the ventral side (semidiagram- 
matic) showing relation ot the various parts of entire animal after removal 
from shell: head fold, as also proboscis, laid open; foot split partially 
through so as to display ganglia in situ, e., esophagus; /., foot, split through; 
kf., head fold; mo., mouth; m. cup, muscular cup; rig., ganglia; pb., proboscis; 
s„ siphon; sg., salivary gland; t., tentacle; vm., visceral mass. 



From each buccal ganglion arise two nerves, one stout (inner), 
the other very slender (outer). From the cerebral ganglion arise 
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five or six anteriorly directed nerves, and one directed laterally 
which passes out across the salivary gland into the tentacle to 
supply that organ and the eye. The distribution of the forwardly 
directed nerves we shall see later. As they pass forward they 
anastomose more or less. 
The buccal and cerebral ganglia of each side are connected by a 




Fig. 4. — Sycolypus canaliculatus. Ventral view of the ganglia that surround the 
esophagus (diagrammatic, from several drawings of dissections) ; the ventral 
side of the ring is in full line, the dorsal in dotted line, and the outline of the 
esophagus is indicated by the light parallel lines. 6. com., buccal commissure; 
bn„ buccal nerves; c. com., cerebral commissure; en., cerebral nerves; c~p. 
com., cerebro-pedal commissure; lc, left cerebral ganglion; Ipl., left pleural 
ganglion; lp„ left pedal ganglion; hi., left visceral ganglion; pl-p. com., 
pleuro-pedal commissure; rb., right buccal ganglion; re, right cerebral 
ganglion; rp„ right pedal ganglion; rpl., right pleural ganglion; rv., right 
visceral ganglion. 



very short commissure passing between the most median nerve 
coming off from the cerebral and the buccal ganglia (Fig. 4). 



No. 478] ODONTOPHORAL APPARATUS IN SYCOTYPUS 719 



Esophagus and Buccal Mass 

As stated above, the esophagus 
and the buccal mass lie within 
the proboscis. Whereas the eso- 
phagus is closely adherent to the 
dorsal wall of the proboscis 
(numerous muscle fibers passing 
between the two),' the buccal 
mass lies free within the pro- 
boscis, except at the anterior and 
posterior ends where muscles are 
inserted into the wall of the pro- 
boscis (Fig. 5). At the anterior 
end the buccal mass is also united 
with the esophagus by a thin 
membrane (Fig. 5, in.). Con- 
sequently if the proboscis be split 
open along the ventral surface, 
the entire buccal mass may be 
removed without in any way in- 
juring the esophagus, except at 
its commencement where it is 
united to the buccal mass (Fig. 

6). 

We thus have three tubes, one 
of which (the proboscis) contains 
the two others, the esophagus 
being dorsal, and the buccal mass 
ventral. In cross section they 
would appear as shown in Fig. 
7. 




_-,-_- npw. 



Fig. 6. — Sycotypus canaliculatus. Ventral view; the proboscis has been laid open 
along the raid- ventral line, and the buccal mass has been resected and turned 
back, bin., buccal mass; c, cartilage, edges of; dscj., dorsal sheet of cross 
fibers; e., esophagus; gr„ great retractor; to., membrane at junction of buc- 
cal mass and esophagus; m. cup, muscular cup; ng., ganglia; npw., 2, S, 4, 
nerves to proboscis wall; pre, protractors of cartilage, cut across; pw., 
proboscis wall; rms., radular muscle; rs., radular sac; tpr., triangular pro- 
tractor. 
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Odontophoral (Buccal) Cartilage 



F The radula or dentated ribbon is essentially a thin flexible file 
which is worked back and forth over the odontophoral cartilage. 

By the protraction or retraction of 
this cartilage over which the radula 
runs like a strap oyer a pulley, the 
lingual file (or better, rasp) is either 
brought forward into the mouth to 
a position where, aided by the hard 
lips, rasping can be effected, or (on 
retraction) it can be carried back 
out of the way. 

The cartilage has two long rami 
that unite anteriorly to form a head 
(Fig. 8), the entire length being from 
five to six centimeters in a fair-sized 
specimen. The cartilage has some- 
what the form of a toboggan that has 
been split up along the running part 
to near the upturned front ; the front 
has been turned in laterally, so that 
its rim is no longer straight, as in 
a toboggan, but horseshoe-shaped. 
The rami are deeply grooved clor- 

Fio. 6. — Sycotypus canahculatus. , 

Dorsal view; buccal cavity and sally and the grooves are continued 

esophagus have been opened along 
mid-dorsal line, and the esophagus 
in part cut away, thus exposing the 
buccal mass beneath; the probos- 
cis wall has been entirely dissected 
away. 6c, buccal cavity; 6m., 
buccal mass; c cartilage covered 
by radular membrane ; e., esopha- 
gus; )•., radula. 





i-Lp. 



Fig. 7. — Sycotypus canaliculatus. 
Diagram to show relation of esoph- 
agus and buccal mass. 6m., buccal 
mass; e., esophagus; pw., probos- 
cis wall. 



forward on the dorsal, or 

rather posterior surface, of 

the upturned head. It is in 

these grooves that the muscles retracting the ribbon run. The 

ribbon itself passes over the rim of the head of the cartilage as 
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over a pulley (Fig. 8, rim) . Since the rim is not straight but horse- 
shoe-shaped, the ribbon is ... 
folded together as it passes 
back over the cartilage, and 
unfolded as it passes forward; 
otherwise the animal would 
rasp its own tissues. As it is, 
the lateral teeth (Fig. 13, It.) 
are turned in against each 
other, so that as the lingual 
ribbon passes back from the 
head of the cartilage they are 
thrown out of action. This is 
a very important point in the 
mechanism, and one which has 
not been insisted upon. The 
shape of the head of the carti- 
lage is perfectly adapted for 
this folding and unfolding of 
the ribbon as it plays back- 
ward and forward. 

The grooved surfaces of the 
rami and head furnish a very 
smooth running surface for the 
retractor muscles and their 
tendons. 

A ramus in cross section is 
moon-shaped. Muscles find a 
place of attachment along the 
lateral edge, but the median 
edge is thin and free of muscle 
insertions. A line of muscular 
attachment runs along the con- 
vex side of each ramus on the 
median aspect. This line 

marks where a sheet of cross muscle fibers passes from one ramus 
to the other binding them together. To the posterior end of the 
ramus are also attached muscles. 




Fig. 8. — Sycotyptis canaliculatus. Dorsal 
view of odontophoral cartilage, stripped 
of its muscles ; the grooved surfaces of the 
rami face somewhat outward, h., head; 
me., median edge; r., ramus; rim, the pul- 
ley-like portion of the head. 
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In Fig. 8, the rami of the cartilage are spread apart since the 
muscles binding them together have been cut through. In the 




Fig. 9. — Sycotypus canaliculatus. Dorsal view; the proboscis has been laid open in 
its entire length ; the esophagus has been resected and removed ; the head- 
fold has been split open; the protractors of the cartilage are omitted, bra., 
buccal mass; c, cartilage, ramus of; col., collar; dscj., dorsal sheet of cross 
fibers; e., esophagus; g„ groove root of great retractor; hf., head fold; lat., 
lateral root of great retractor ; med., median root of great retractor; m. cup, 
muscular cup; pw., proboscis wall; r., radula; rm„ radular membrane; 
mm., ring muscle of cup; rpb., retractors of proboscis; rs„ radular sac; s., 
siphon; t., tentacle. 




Fio. 10. — Sycotypus canaliculatus. Ventral view of odontophoral muscles, the 
proboscis and head fold having been opened ; the odontophoral cartilage has; 
been twisted somewhat to the right (of the animal) so as to bring its protrac- 
tors into prominence (those on the right side are omitted), and also to expose 
the nerves that are to be seen in the left half. bn., nerves from buccal gan- 
glion; c, cartilage; en., nerves from cerebral ganglion; con., convex root of 
great retractor; e., esophagus; g., groove root of great retractor; m. cup, 
muscular cup; vied., median root of great retractor, the lateral root is omitted; 
nff., ganglia; nt„ nerve to tentacle; pre, protractors of cartilage; prr. (a, &, 
c), protractors of radula; v., radula; re., retractor of cartilage; rm., radular 
membrane; t., tentacle; tpr., triangular protractor of cartilage; vscf., ventral 
sheet of cross fibers; 1, nerve supplying protractors of cartilage; 2, 3, and 4, 
nerves supplying proboscis wall; J, has been dissected out, and lies upon the 
cartilage protractors; 5, stout nerve from buccal ganglion which enters 
great retractor; 6, slender nerve from buccal ganglion; 7, nerve that branches 
off from 1 and supplies protractors of radula arid ventral sheet of cross fibers. 



.-■pv). 
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IFig. 11. — Sycotypus canaliculatus. Ventral view of odontophoral muscles, some of 
which have been cut through; the entire wall of the proboscis has been re- 
moved except that portion into which the protractors of the cartilage are 
inserted; the whole buccal mass is pinned out so as to display the several 
muscles, the dorsal sheet of cross fibers having been cut through ; all of the 
muscles are drawn on the right of the figure only. c}., cross fibers uniting 
triangular protractors, cut through in Fig. 10; con., convex root of great 
retractor; dsc}., dorsal sheet of cross fibers, cut through; jr., groove root of 
great retractor; Int., lateral root of great retractors; med., median root of 
great retractor; pre, protractors of cartilage; prr. (a, b, c), protractors of 
radula; pw., proboscis wall; r., radula; re, retractor of cartilage; rm„ 
radular membrane; rms., radular muscle; rs., radular sac; tpr., triangular 
protractor of cartilage; vscf., ventral sheet of cross fibers. 
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natural state the rami are closely approximated for most of their 
course, and form the doubly grooved roadway for the retractors 
of the lingual ribbon. 

Retractors and Protractors of the . Odontophoral Car- 
tilage — Their Nerve Supply 

Retractors. — These are two flat muscles which arise from the 
posterior extremities of the rami of the cartilage, and pass back 
one on each side to mingle with the fibers of the muscle cup at the 
base of the proboscis (Fig. 9, re). They serve to pull the cartilage 
— the whole buccal mass in fact — backward. 

Their nervous supply comes through the stout nerve from the 
buccal ganglion (Fig. 10, 5). 

Protractors. — The protractors of the cartilage are conspicuous 




^> 

Fig. 12. — Sycotyims canaliculatus. Radular sac, radular membrane, radula, and its 
protractors removed from the proboscis and pinned out. ogr., place of 
origin of great retractor; ]>rs., protractors of radula; v., radula; rm., radular 
membrane; rs., radular sac. 

narrow muscle bands (ten to twelve or more in number) that arise 
from the lateral edges of the rami and pass forward to be inserted 
into the ventral wall of the proboscis along two parallel lines, 
(Figs. 10, 11, pre). Besides these bands there is also a pair of 
protractors that lie on either side of the buccal mass at its anterior 
end (Figs. 10, 11, tpr.). Each is more or less triangular in shape, 
the apex and dorsal edge lying along, and inserted into the lateral 
edge of the cartilage ramus, and the base being inserted into the 
radular membrane, and into the muscular wall of the buccal cavity 
laterally and dorsally. The ventral edges of the two triangular 
protractors are united by cross fibers, which serve to keep the 
underlying muscles (protractors of the radula) in place (Fig. 11, 

of-)- 
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All these muscles pull the cartilage forward in the proboscis, 
and it is by means of them that the dentate ribbon, which passes 
over the rim of the head of the cartilage, is brought forward into 
position for rasping. 

Their nervous supply conies through one of the nerves of the 
cerebral ganglion. The nerve on each side runs along beneath 
the protractors near their origin, sending branches to each, and 
ends forward in the triangular protractor (Fig. 10, 1). 



Radula (Lingual or Dentate Ribbon) 

The radula is a dentate ribbon which is adherent to the mem- 
brane — radular membrane (subradular membrane) — that lines 




rnt. 



i\mc 





Fig. 13. — Sycotypus canaliculatus. 
tooth. 



Radular teeth, int., median tooth; It., lateral 



the buccal cavity (Fig. 12, rm.). The membrane lies loose over 
the head of the odontophoral cartilage, and passes back into what 
is called the radular sac (Fig. 12, rs.), which contains the imma- 
ture part of the ribbon, and anteriorly it is produced into a pouch 
which lies on the ventral side of the anterior part of the buccal 
mass beneath the cross fibers that connect the ventral edges of 
the triangular protractors already mentioned (Figs. 10, 11, rm.). 
Laterally the membrane passes into the general lining of the buccal 
cavity. The membrane on the floor of the buccal cavity is loose 
enough to admit of the protraction of the head of the odontophoral 
cartilage a centimeter beyond the mouth, i. e., in forced protraction, 
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not in the living animal. The looseness of the membrane thus 
allows of the forward and backward play of the ribbon in rasping. 
The muscles that are responsible for the rasping movements of the 
ribbon are not attached to the ribbon directly, but to the membrane 
to which the ribbon is adherent (the radular membrane). By 
treatment with alcohol the ribbon is readily separated from its 
membrane. That part of the ribbon which is mature and in 
use is from three to four cm. long, whereas the immature part 
which is folded up within the radular sac, and which cannot be 
drawn out over the rim of the cartilage head is some five cm. long. 
It is to the radular sac that the large retractors of the ribbon 
are attached, the protractors being attached to the ventral pouch 
of the radular membrane (Fig. 12, prs., ogr.). 



Retractors and Protractors of Radula; Certain Acces- 
sory Muscles — Their Nerve Supply 

Retractors {together with Certain Accessory Muscles). — The 
retractors of the lingual ribbon are, as above stated, inserted by 
tendons into the radular sac. At the region of their insertion they 
are fused so as to form practically one muscle, but posteriorly 
four separate roots can be distinguished (Figs. 9, 11, 14): — 

(1) A large median root (Figs. 9, 11, med.), separable into lateral 
halves, passes back to be inserted on either side into the lateral 
and ventral wall of the proboscis and into the muscular cup at the 
base of the proboscis. 

(2) Two large lateral roots (Figs. 9, 11, 14, lat.), which are 
continuous anteriorly with the median, pass outward on either 
side and are inserted by a half dozen bundles into the lateral wall 
of the proboscis somewhat anteriorly to the insertion of the median 
root. In passing out to the wall of the proboscis, this muscle 
crosses over the posterior portion of the ramus of-the odontophoral 
cartilage, and hence serves to hold it in place (Fig. 9). 

(3) A slender root passes back in the posterior part of the 
groove on the dorsal surface of each ramus of the cartilage — 
groove root (Figs. 9, 11, 14, g.). These roots are inserted at the 
tips of the rami, and are continuous anteriorly with the lateral 
roots. 
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(4) Another slender root on each side passes back beneath 
(ventral to) the corresponding ramus and is inserted at the end 

of the ramus on the convex ven- 
tral surface — ■ convex root (Figs. 
11, 14, con.). 

Thus the larger part of the 
retractor is inserted into the wall 
of the proboscis, while the smaller 
portion finds insertion on the car- 
tilage frame. 

As stated, these four roots unite 
anteriorly to form what may be 
called the great retractor of the 
radida, which is inserted by one 
ventral and two lateral tendons 
into the radular sac (Fig. 14, ten.). 
These tendons and their muscular 
continuations run in the doubly 
grooved roadway formed by the 
grooved dorsal surfaces of the two 
cartilage rami, these being close 
together anteriorly, held so by 
cross fibers that pass between 
them. 

One set of these cross fibers 
forms what may be called the 
ventral sheet of cross fibers, passing 
from the convex ventral surface 
of one ramus to that of the other 
(Figs. 10, 11, vscf.). This sheet 
extends from the beginning of the 
rami back to about the place 
where the dorsal sheet (see further) ends; the ventral sheet ends 
somewhat anteriorly to the dorsal sheet. In describing the 
odontophoral cartilage, it will be remembered that mention was 
made of a line of muscular insertion along the ventral surface of 
the ramus; this is the line for the insertion of the ventral sheet. 
Covering the great retractor are two sets of muscles that call for 




.re. 



med. 

Fig. 14. — Sycotypus canaliculatus. 
Ventral view of the great, retractor 
of the lingual ribbon (semidiagram- 
matic) ; the ventral ' sheet of cross 
fibers has been removed, its line of 
attachment, however, is represented; 
the head of the cartilage has been 
removed, the rami in part only being 
shown, c„. cartilage, ramus of; con., 
convex root of great retractor; g„ 
groove root of great retractor; lat., 
lateral root of great retractor; med., 
median root of great retractor; re, re- 
tractor of cartilage; rs., radular sac; 
ten., tendons of origin of great re- 
tractor. 
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attention here, since their purpose is to keep the retractor true to 
its grooved path. It should be stated in the first place that a con- 
siderable portion of the radular sac projects free above the roots 
of the retractor of the radula, and is continued posteriorly into a 
rather long radular muscle that is inserted' into the muscle cup at. 
the base of the proboscis (Fig. 11, rs., 
rms.). The more anterior part of the 
radular sac has inserted into it laterally 
and dorsally strands of muscle, some 
of which pass forward to be inserted 
into the outer edges of the rami of 
the odontophoral cartilage; others pass 
backward to the same edges, thus giv- 
ing rise to a criss-crossing which serves 
to keep the radular sac in position and 
to prevent the great retractor leaving 
its grooved pathway (Fig. 15). 

Dorsal to this double set of muscle 
strands, i. e., more superficial, lies 
what may be called the dorsal sheet of 
cross fibers (Figs. 9, 11, dscf.), which 
pass from the outer edge of one ramus 
to the outer edge of the other, not, how- 
ever, along the entire length of the 
ramus but to within two cm. or so of 
the end. This dorsal sheet covers the 
criss-cross strands and the anterior 
part of the radular sac, as well as the 
anterior portion of the great retractor. 
All that is seen of the great retractor, 
upon opening the proboscis along the 

mid-dorsal line and removing the esophagus, is the roots passing 
from beneath the posterior edge of the dorsal sheet along with the 
radular sac (Fig. 9). 

The dorsal sheet of cross fibers thus serves to keep the rami 
approximated, and to form a sheath for the radular sac and great 
retractor, keeping the two in the proper place for motion along the 
grooved roadway of the rami, therein sharing the function of the 




Fig. 15. — Sycotypus canaliculatus. 
Diagrammatic figure to illus- 
trate the criss-cross fibers of 
the radular sac; the cartilage 
rami are drawn as spread 
apart, the ventral sheet of cross 
fibers having been cut through ; 
one side only of the criss-cross 
is shown. ccf., criss-cross 
fibers; />., head of cartilage; ?•., 
ramus of cartilage; rs., radular 
sac ; vscf., ventral sheet of cross 
fibers. 
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criss-cross strands. Also, the two sheets of cross fibers, dorsal 
.and ventral, serve on contraction to give stiffness to the cartilage 
frame as a whole and to prevent its buckling. 

Nervous Supply of the Great Retractor. — The great retractor 
muscle is supplied from the stout nerves that leave the buccal 
ganglia and run forward to penetrate the lateral halves of the 
median root, and then to continue on to the other roots, and also 
to the retractors of the cartilage (Fig. 10, 5). 

Protractors. — The protractors of the lingual ribbon are six quite 
distinct long slender muscles that are found on the ventral side 
of the buccal mass and of the odontophoral cartilage. There are 
three on either side of the mid-line (Figs. 10, 11, prr., a, b, c). 

Jirrjl) -prr. (c) 




Fig. 16. — Sycotypus canaliculatxis. Diagram to illustrate the position of the pro- 
tractors of the radula upon the cartilage ramus, c, cartilage, ramus of; prr. 
(6, c), protractors of radula; sh., connective tissue sheath. 

The protractors arise from the membranous pouch in which the 
anterior part of the ribbon is found, and extend quite or almost 
straight backward. 

(1) The most ventral muscles are a pair that lie as two delicate 
red bands along the mid-ventral line of the buccal mass, separated 
by a white line (blood vessel) (Figs. 10, 11, prr., a). They arise 
from the ventral surface of the membranous pouch, and pass 
backward, adherent to the ventral sheet of cross fibers, to mingle 
with the lateral halves of the median root of the great retractor of 
the radula. 

(2) The pair lying more dorsal are the largest — about four 
times the size of the first pair (Figs. 10, 11, prr., b). Each 
arises from the dorsal surface of the membranous pouch and 
passes back along the inner half of the ramus of the odontophoral 
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cartilage on its ventral side in a shallow groove. It is held in place 
by a sheet of connective tissue that binds it against the ramus, but, 
at the same time, allows it to slide freely back and forth along the 
face of the ramus. Each muscle of the pair extends to very near 
the tip of its ramus, and is there inserted laterally. 

(3) The last pair — much smaller than the second but larger 
than the first pair — arise close to, and laterally from, the second 
and pass parallel to the second along the outer half of the ramus 
on its ventral surface to be inserted, a centimeter or so anteriorly 
to the end of the ramus, into its outer edge (Figs. 10, 11, prr., c). 
The muscles of this pair are, like those of the second pair, contained 
within a connective-tissue sheath (Fig. 16). 

The anterior parts of all these protractors are covered by the 
cross fibers that pass between the two triangular cartilage pro- 
tractors (Fig. 11, c/.). These three remarkably long muscles 
(they would make fine material for physiological experiments 
upon molluscan muscle because of their length and regularity) 
serve to pull the membranous pouch toward the base of the pro- 
boscis, and consequently the lingual ribbon, which is adherent 
to the inner surface of the dorsal wall of the pouch, out over the 
head of the odontophoral cartilage. Their mass is extremely 
small when compared with that of the great retractor, and this 
is what one would naturally expect, since the rasping takes place 
on the return pull. It is then that resistance is to be overcome, 
and there is need for a large muscle, whereas in the forward motion 
of the lingual ribbon very little power is required, since the teeth 
of the ribbon have their "set" backward, and merely slip over 
the surface to be rasped on the forward motion of the ribbon (Fig. 
13). _ 

It is very easy to demonstrate the rasping action of the dentate 
ribbon on a recently narcotized specimen by alternately stimulating 
the retractor and protractors, when the ribbon plays back and 
forth very prettily. Of course, the same result is obtained by 
alternately stimulating the proper nerves, as I have frequently 
done. It might be well to mention the fact that the nerves of 
Sycotypus are very slow in dying; they respond to a stimulus 
(electrical) twenty-four hours and more after the animal has been 
taken from the alcohol and turpentine mixture. 
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Nervous Supply. — The protractors of the ribbon are supplied 
by nerves from the cerebral ganglia. The cords supplying them 
branch off from the two (one on either side) which go to the pro- 
tractors of the cartilage. Where one of the latter passes under 
the first cartilage protractor the cord comes off and, piercing a 
few of the protractors near their origin, passes on to the surface of 
the lingual protractors that lie upon the ramus, and then continues 
on to the ventral sheet of cross fibers, which it supplies, and on to 
the first pair of slender lingual protractors (Fig. 10, 7). As will 
be seen on consulting the figure, a sort of parallelogram anasto- 
mosis is formed by this nerve upon the ventral surface of the buccal 
mass in its lower third. 

Musculature of the Proboscis, Nerve Supply 

The proboscis wall itself has a very well developed musculature. 
This musculature is white in contrast to the very red muscles of 
the buccal mass. The innermost layer of the proboscis wall is 
one of longitudinal fibers, next comes a tolerably thick circular 
layer, and beneath the integument is found another longitudinal 
layer. The contraction of the longitudinal layers serves, of course, 
to shorten the proboscis and to increase its diameter, whereas the 
contraction of the circular layer would have the opposite effect. 

The innermost longitudinal layer (at least) is supplied by nerve 
cords that spring from the cerebral ganglion and pass forward 
along the esophagus piercing in their course the muscle cup at the 
base of the proboscis. One of these cords passes along outside 
the line of insertion of the cartilage protractors to the end of the 
proboscis, giving off branches to the wall of the proboscis as it 
proceeds (Figs. 5, 10, 4)- Another cord passes along parallel to 
the one just mentioned, but inside the line of insertion of the pro- 
tractors of the cartilage (Figs. 5, 10, 3). Still another, which 
sometimes, at least, comes off as a branch of the second, passes 
forward a little farther in toward the mid-line and is covered, like 
the second in its anterior portion, by muscle strands that pass 
from the esophagus to the wall of the proboscis. 

At the base of the proboscis is situated the muscle cup already 
mentioned, and which is composed of transverse fibers that mingle 
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with the musculature of the proboscis wall (Fig. 5, m. cup). There 
is also a ring muscle entering into this muscle cup, which surrounds 
the esophagus, but is free from it on the dorsal, though adherent 
to it on the ventral side (Fig. 9, mm.). 

Below the cup are found very numerous white bundles of muscle 
which arise, in part, from the cup, from the ring muscle, and also 
from the proboscis wall with which they are continuous, and, in 
part, from the fold of integument that surrounds the base of the 
proboscis (Fig. 2, rpb.). These bundles pass backward to mingle 
with the musculature of the integument that extends back from 
the head fold to the columella! - muscle; some bundles may mingle 
with the fibers of the columella! - muscle. 

They serve on contraction to pull the whole proboscis back 
within the head fold. They might be called the retractors of the 
proboscis. These retractors are supplied from the cerebral 
ganglia. 

EXTRACTION AND PROTRACTION OF THE PROBOSCIS. 

Since there exists a distinct set of retractors at the base of the 
proboscis, and since its wall has in part a musculature of longi- 
tudinal fibers, it is not difficult to understand how retraction is 
brought about. The basal retractors pull the whole proboscis 
backward and the longitudinal fibers on contraction shorten it. 
From dissections made upon specimens with retracted proboscis, 
it seems that ordinarily there is no turning wrong side out of the 
proboscis, the shortening of the proboscis itself, and the contraction 
of the numerous retractors that run into the head fold, together with 
the flexion of the proboscis, being sufficient to carry the organ 
altogether back within the head fold. However, a certain amount 
of doubling wrong side out may — in fact, does — take place under 
artificial conditions. At the base of the proboscis, there is, as 
stated, the muscle cup with its ring muscle; between this ring 
muscle and the esophagus on the dorsal side there exists a space. 
It is through this free space that the doubling takes place. Into 
the anterior border of the ring muscle are inserted some of the 
retractors of the proboscis, and on their contraction that part of 
the proboscis above the ring begins to double back through the 
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space left between the ring muscle and the esophagus. On violent 
stimulation (dissecting an animal that is not well narcotized) this 
process may be so extensive as to double the whole proboscis 
within the ring muscle, just as if one were to push in a finger of a 
glove down to its base. In other words the proboscis may be 
doubled in on itself down to the place marked x in Fig. 2. 

This "Einstulpung" must be brought about by the extensive 
contraction of the retractors of the proboscis and their continua- 
tion, the inner longitudinal muscular layer of the proboscis wall. 
The proboscis cannot be turned wrong side out throughout its 
entire length, as could a finger of a glove; for in the anterior end 
the esophagus, which is closely bound to the dorsal wall of the 
proboscis, and the buccal mass are united. Besides, the protractors 
of the cartilage prevent such a complete doubling (Fig. 17). 




..bm. 



Fig. 17. — Sycotypus canaliculatus. Side view of proboscis turned wrong side out; 
muscles of buccal mass are filled in with fine lines ; the musculature of the 
proboscis and retractors of proboscis are left in outline, bm., buccal 
mass; c, cartilage, tip of; dsc}., dorsal sheet of cross fibers; e., esophagus; 
g., groove root of great retractor; gr., great retractor; pre, protractors of 
cartilage; pw., proboscis wall; rms., radular muscle; mm., ring muscle; 
rpb., retractors of proboscis; rs„ radular sac; vscf., ventral sheet of cross 
fibers. 

As to the protraction of the proboscis, I have only theory to 
offer, as the experiments which I had contemplated upon this point 
were never carried out. Of course, the relaxation of the longi- 
tudinal fibers, as well as the contraction of the circular fibers of the 
proboscis wall will account for its elongation, but how is the pro- 
boscis forced out of the head fold ? It may be that this is done by 
means of a blood reservoir (sinus) within the head fold. If this 
be filled with blood, and then the muscles of the head fold contract, 
the effect would be to expel the proboscis. The region of the 
head fold that is covered by the collar of the mantle is cavernous, 
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and if it acts as a blood sinus, there is little difficulty in explaining 
how the proboscis is pushed out by hydrostatic pressure. 

Summary and Conclusion 

The results of the present investigation may be summed up as 
follows : — 

The odontophoral apparatus in Sycotypus is highly complex, 
but admirably adapted to its function. 

The mechanism of the radula, in Sycotypus at any rate, is 
correctly termed, after Huxley, a chain saw, with the restriction 
that the "sawing" occurs only on the return draw. 

The buccal cartilage, besides forming a stiffening framework, 
acts as a grooved pathway along which the radular sac and the 
great retractor of the dental ribbon slide, the path being well 
lubricated, probably by a mucous secretion. In Sycotypus the 
cartilage is passive, so far as any licking action is concerned. 
The buccal cartilage possesses its own muscles for protraction 
and retraction, as well as certain muscles that bind its rami together 
and at the same time form a sheath for the retractor of the radula. 

The radula is protracted, i. e., drawn forward, by six slender 
muscles, four of which (two pairs) lie along the ventral side of the 
rami of the buccal cartilage enclosed within connective-tissue 
sheaths; the other pair lie along the mid- ventral line of the buccal 
mass. The radula is retracted by a powerful muscle that arises 
from its sac and is inserted by a number of roots into the proboscis 
wall and upon the cartilage frame. This inequality of the muscles 
is explained by the fact that the teeth of the tongue-file are inclined 
backward, so that the rasping takes place on the return pull. 

The retraction of the proboscis is accomplished through its own 
longitudinal musculature and the continuation of this, the retractors 
of the proboscis; there is usually little, if any, turning wrong 
side out of the organ, though this may under certain conditions 
take place. The protraction of the proboscis is probably due to 
hydrostatic pressure created in the head fold by the contraction 
of its musculature. 

By dissection and actual observation of the effects produced by 
electrical stimulation, the nervous supply for the apparatus 
described has been in large part determined. 
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